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(54) Method of preparing a SOI substrate by using a bonding process, and SOI substrate 
produced by the same 



(57) A semiconductor substrate adapted to giga- 
scale integration (GSI) comprises a support, at least the 
surface of which is made of semiconductor, an electro- 
conductive material layer, an insulating layer and a sem- 
iconductor layer arranged sequentially in the above or- 
der. The electroconductive material layer has at least in 
part thereof an electroconductive reacted layer obtained 



by causing two metals, a metal and a semiconductor, a 
metal and a metal-semiconductor compound, a semi- 
conductor and a metal-semiconductor compound, or 
two metal-semiconductor compounds to react each oth- 
er. An electroconductive reaction terminating layer that 
is made of a material that does not react with the reacted 
layer is arranged between the reacted layer and the in- 
sulating layer or the support. 



m 
o> 

CO 

o 

CL 
LU 



FIG. 11 




EP 0 895 282 A2 



Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to a semiconductor substrate and also to a method of preparing such a semiconductor 
substrate. More particularly, the present invention relates to a semiconductor substrate having a specific structure of 
a bonding interface and adapted to an electronic device or an integrated circuit prepared by using a single crystal 
10 semiconductor layer arranged on an insulator, as well as a method of preparing such a semiconductor substrate. 

Related Background Art 

[0002] MOS transistor integrated circuits take a major part in today's computers and have attained to a remarkably 

is enhanced level of operating performance or operating speed and that of integration for binary digital logic ULSI systems 
by means of processing techniques adapted to extremely reducing processing dimensions on the basis of the so-called 
scaling rule. However, as a gate length of less than 1 pm is realized for MOS transistors, representing the available 
minimum processing dimension, as a result of the dimensional reduction brought about by the development of process- 
ing techniques, miniaturized MOS transistors come to be affected by various parasitic effects including the short channel 

20 effect that partly annul the improvements in the performance of the transistors due to miniaturization. 

[0003] A silicon on insulator (SOI) device refers to a device formed in a single crystal silicon semiconductor layer 
arranged on an insulator and SOI devices have been attracting attention in recent years as they appear very promising 
for solving the problems attributable to the miniaturization of devices. More recently, SOI is also used to stand for 
semiconductor-on-insulator. In the initial stages of developing SOIs, efforts were paid to exploit the advantages of SOIs 

25 including a reduced parasitic capacity, a high radiation-proof effect and a latch up free effect that cannot be provided 
by ordinary bulk silicon substrates to be used for ordinary silicon ICs More often than not, relatively thick silicon layers 
were used. More recently, however, it has been found that a fully depleted SOI device obtained by depleting its entire 
silicon thin film layer having a thickness of less than 100 nm can effectively suppress the short channel effect. Fully 
depleted thin film SOI devices have advantages over conventional bulk devices that can be summarized in four items 

30 as listed below. 

(1 ) Easy dielectric separation and full separability of devices make it possible to realize a simplified process and 
highly integrated devices. 

(2) A high radiation-proof effect leads to a high reliability of devices. 

35 (3) A reduced stray capacity allows devices to operate at high speed and low power consumption rate 

(4) A reduced short channel effect and a design rule adapted to miniaturization can be realized because of the 
feasibility of producing full-depletion layer field effect transistors using a very thin silicon layer. 

[0004] Generally, an SOI-MOS device is produced by using an SOI wafer as starting material and forming MOS 
40 transistors in it. Therefore, the quality of the SOI substrate that is used from the very start of the process of manufacturing 
an SOI device plays a role that is more important than anything in the subsequent steps of the manufacturing process 
to make the manufactured SOI device highly reliable and performing In the past decades, a number of researches 
have been made to establish methods of preparing an SOI substrate, which may be classified into the following three 
groups: 

45 

(1) those of oxidizing the surface of a silicon single crystal substrate, partly exposing the silicon substrate by 
opening an window through the oxide film and then forming a silicon single crystal layer on the SiOg through lateral 
epitaxial growth by using that part as seed; 

(2) those of using the single crystal silicon substrate as active layer and forming a buried SiOg layer thereunder 
so by means of an appropriately selected technique; and 

(3) those of bonding a silicon substrate with an insulating substrate and polishing or etching the silicon substrate 
to produce a single crystal layer having a desired thickness. 

[0005] However, methods of any of these groups are accompanied by certain drawbacks. Those of group (1) are 
55 not satisfactory in terms of controllability, productivity, uniformity and crystal quality and those of group (2) are also 
accompanied by the problems of productivity and of crystal quality, whereas those of group (3) are far from perfection 
from the viewpoint of controllability and uniformity. 

[0006] Meanwhile, ELTRAN (epitaxial layer transfer by bond & etch back porous Si) SOI substrates have been pro- 
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posed as high quality SOI substrates comprising an SOI layer that is extending over the entire surface of a substrate 
with an even thickness and showing an excellent degree of crystallinity along with methods of manufacturing such 
substrates (see, inter alia, Japanese Patent Application Laid-Open No. 5-102445 "Method of Preparing Semiconductor 
Substrate", Japanese Patent Application Laid-Open No. 5-217992 "Semiconductor Substrate and Method of Preparing 
the Same", Japanese Patent Application Laid-Open No. 5-217821 "Method of Preparing Semiconductor Substrate", 
Japanese Patent Application Laid-Open No. 5-21 7820 "Semiconductor Substrate and Method of Preparing the Same", 
Japanese Patent Application Laid-Open No. 5-275663 "Semiconductor Device Substrate and Method of Preparing the 
Same", Japanese Patent Application Laid-Open No. 5-275329 "Semiconductor Device Substrate and Method of Pre- 
paring the Same", Japanese Patent Application Laid-Open No. 6-342784 "Etching Solution for Etching Porous Silicon, 
Etching Method Using the Same and Method of Preparing Semiconductor Substrate Using the Same", Japanese Patent 
Application Laid-Open No. 7-249749 "Method of Preparing SOI Substrate" and Japanese Patent Application Laid-Open 
No. 7-235651 "Semiconductor Substrate and Method of Preparing the Same".) The proposed methods of manufactur- 
ing SOI wafers are characterized in that, with any of such methods, it is possible to produce a scarcely defective SOI 
layer because the pores on the surface of a porous silicon base are closed and sealed as a result of the heat treatment 
using H 2 and conducted prior to the epitaxial growth step and that it is possible to produce an SOI layer that is relatively 
tree from uneven thickness because the etch selectivity of porous silicon relative to an epitaxial layer is as high as 10 5 . 
Thus, the SOI layer that plays a major role of a semiconductor device is made very smooth and adapted to mass 
production so that consequently, high quality SOI substrates can be manufactured at low cost. 
[0007] As for the methods of preparing an SOI substrate by bonding, techniques have been proposed for bonding 
a layer of a high melting point metal or a high melting point silicide and a layer of another high melting point metal or 
silicon by utilizing a silicidation reaction on the bonding interface (see, inter alia, Japanese Patent Application Laid- 
Open No. 6-151789 "Method of Forming Semiconductor Substrate", Japanese Patent Application Laid-Open No. 
4-186815 "Method of Manufacturing Silicon-on-lnsulator Substrate", Japanese Patent Application Laid-Open No. 
4-148525 "SOI Substrate and Method of Manufacturing the Same" and Japanese Patent Application Laid-Open No. 
59-224156 "Method of Manufacturing Insulator Separation Substrate"). With any of these methods of manufacturing 
an SOI wafer, the stress generated by the difference between the thermal expansion of Si and that of Si02 that has 
been the problem of the bonding step is reduced to obtain a uniform bonding strength over the entire surface of the 
substrate by combining a high melting point metal or a high melting point silicide and another high melting point metal 
or silicon and utilizing a silicidation reaction on the bonding interface. 

[0008] Additionally, a metal SOI substrate has been proposed as an outcome of the technological development for 
SOI substrates, where the above last two techniques are combined to produce a large diameter substrate and a device 
formed on it and adapted to operate at ultra-high speed (Japanese Patent Application Laid-Open No 8-305356 "Sem- 
iconductor Substrate and Method of Preparing the Same"). Thus, it is now possible to realize a cold bonding process 
by exploiting the high crystal quality, the high controllability, the high productivity and the high uniformity of an SOI 
substrate achieved by the SOI substrate technology in combination with the above described metal reaction technology. 
Such an SOI substrate has an excellent insulating structure for producing a barrier layer against electromagnetic waves 
and realizing an improved heat releasing property and hence it can be used to produce an ultra-high density LSI that 
operates al ultra-high speed with an operating frequency of 10GHz. Still additionally, the proposed method of manu- 
facturing an SOI substrate is based on remarkable scientific achievements and adapted to eliminate external turbu- 
lences to make it highly functional and productive 

[0009] In short, a metal SOI substrate is excellent in that it is based on a novel concept of making the substrate 
function as a device. Metal SOI substrates are described, inter alia, in Japanese Patent Application Laid-Open No. 
6-244416 and U.S. Patent No. 5,650,650. 

[0010] However, as a result of a series of experiments preparing specimens of SOI substrate as described above 
and then various devices in the specimens of SOI substrate tor evaluation, the inventor ot the present invention came 
to find that they are none the less accompanied by the following problems. With the structure of the proposed substrate, 
the metal layer to be used for the bonding/reaction and the metal layer to be used as barrier for protecting the device 
against electromagnetic waves are made of a same metal. Thus, if Ihe former layer is to be bonded firmly, the bonding 
process needs to be conducted at high temperature for a prolonged period of time to make the profile of the bonding 
interface rather flat for the reaction and it is difficult to realize a steep profile. Therefore, it is necessary to produce a 
layer made of a uniform and stable reaction material for the bonding/reaction in order to realize a strong bonding effect 
and eliminate fluctuations on the reacted interface for the subsequent processing steps. However, with the structure 
of the proposed substrate, unintended reactions can take place on the bonding interface and the change in the volume 
of the layer due to the reaction gives rise to a change in the stress, which by turn entails the following problems. Firstly, 
stress is accumulated in the device layer on the insulating film. Secondly, the wafer can become warped by the stress. 
Thirdly, the layer characterized by the skin depth for barring the passage of electromagnetic waves is reduced. All 
these phenomena act to degrade the characteristics and the high speed operation of the device comprising the sub- 
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SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to provide a semiconductor substrate such as a metal SOI 
wafer that can suppress any degradation in the device characteristics and the high speed operation, while maintaining 
s the barrier effect against electromagnetic waves. In other words, it is an object of the invention to provide a semicon- 
ductor substrate adapted to giga-scale integration (GSI). Another object of the invention is to provide a method of 
preparing such a semiconductor substrate. 

[0012] According to an aspect of the invention, there is provided a semiconductor substrate comprising an electro- 
conductive material layer formed on a support, an insulating layer formed on the electroconductive material layer and 
10 a semiconductor layer formed on the insulating layer, the electroconductive material layer having at least an electro- 
conductive layer selected from: 

a reacted layer of metals; 
a reacted layer of a metal and a semiconductor; 
15 a reacted layer of a metal and a metal-semiconductor compound; 

a reacted layer of a semiconductor and a metal-semiconductor compound; and 

a reacted layer of metal-semiconductor compounds, wherein a reaction suppressive layer consisting essentially 
of a material different from that of the electroconductive material layer is arranged between the electroconductive 
material layer and the insulating layer and/or between the electroconductive material layer and the support. 

[0013] According to another aspect of the invention, there is provided a method of preparing a semiconductor sub- 
strate, comprising steps of: 

forming an insulating layer on a first support made of a single crystal semiconductor; 
25 forming a first reaction precursory layer made of a metal, a semiconductor or a metal compound on the insulating 

layer; 

preparing a second support having a second reaction precursory layer made of a metal, a semiconductor or a 
metal compound; and 

bringing the first reaction precursory layer and the second reaction precursory layer into contact to react and bond 
30 them with each other, 

wherein the method further comprises a step of forming a reaction suppressive layer made of a material different from 
any of the materials of the first and second reaction precursory layers between the first reaction precursory layer and 
the insulating layer and/or between the second reaction precursory layer and the second support. 
35 [0014] According to still another aspect of the invention, there is provided a method of preparing a semiconductor 
substrate, comprising steps of: 

preparing a first substrate by 

40 forming an insulating layer on the surface of a silicon single crystal substrate body or a silicon single crystal 

thin film epitaxial layer; 

forming a first metal deposited film on the surface of the insulating layer; and 
forming a second metal deposited film on the surface of the first metal deposited film; 

45 preparing, on the other hand, a second substrate by 

forming a third metal deposited film on the surface of a silicon single crystal substrate body; and 
forming a fourth metal deposited film on the surface of the third metal deposited film; and 

so subsequently holding the second metal deposited film on the first substrate and the fourth metal deposited film on 

the second substrate in close contact relative to each other and heat-treating them to cause an alloying reaction 
between the second metal deposited film and the fourth metal deposited film. 

[0015] According to still another aspect of the invention, there is provided a method of preparing a semiconductor 
55 substrate, comprising steps of: 



preparing a first substrate by 
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forming an insulating layer on the surface of a silicon single crystal substrate body or a silicon single crystal 
thin film epitaxial layer; 

forming a first metal deposited film on the surface of the insulating layer; and 
forming a second metal deposited film on the surface of the first metal d 



preparing, on the other hand, a second substrate by 

forming a third metal deposited film on the surface of a silicon single crystal substrate body; and 
forming a silicon deposited film on the surface of the third metal deposited film; and 

10 

subsequently holding the second metal deposited film on the first substrate and the silicon deposited film on the 
second substrate in close contact relative to each other and heat-treating them to cause a silicidation reaction 
between the second metal deposited film and the silicon deposited film. 

is [0016] According to still another aspect of the invention, there is provided a method of preparing a semiconductor 
substrate, comprising steps of: 

preparing a first substrate by 

20 forming an insulating layer on the surface of a silicon single crystal substrate body or a silicon single crystal 

thin film epitaxial layer; 

forming a first metal deposited film on the surface of the insulating layer; and 
forming a silicon deposited film on the surface of the first metal deposited film; 

25 preparing, on the other hand, a second substrate by 

forming a third metal deposited film on the surface of a silicon single crystal substrate body; and 
forming a fourth metal deposited film on the surface of the third metal deposited film; and 

30 subsequently holding the silicon deposited film on the first substrate and the fourth metal deposited film on the 

second substrate in close contact relative to each other and heat-treating them to cause a silicidation reaction 
between the silicon deposited film and the fourth metal deposited film. 

[0017] According to still another aspect of the invention, there is provided a method of preparing a semiconductor 
35 substrate characterized by comprising steps of: 

preparing a first substrate by 

f" -) forming an insulating layer on the surface of a silicon single crystal substrate body or a silicon single crystal 

40 thin film epitaxial layer; 

forming a first metal deposited film on the surface of the insulating layer; and 
forming a silicon deposited film on the surface of the first metal deposited film; 

preparing, on the other hand, a second substrate by 

45 

forming a third metal deposited film on the surface ot a silicon single crystal substrate body; 
forming a fourth metal deposited film on the surface of the third metal deposited film; and 
forming a silicon deposited film on the surface ol the fourth metal deposited film; and 

so subsequently holding the silicon deposited film on the first substrate and the silicon deposited film on the second 

substrate in close contact relative to each other and heat-treating them to cause the fourth metal deposited film 
to react with the silicon deposited film on the second substrate and then with the silicon deposited film on the first 
substrate for silicidation. 

ss BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1A, IB. 1C. ID, 1E, 1F. 1G, 1H and 11 are schematic cross sectional views of an embodiment of 
semiconductor substrate according to the invention, shown in different preparing steps. 
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[0019] FIGS. 2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 21, 2J, 2K, 2L, 2M, 2N and 20 are schematic cross sectional views of 
an SOI wafer, shown in different preparing steps. 

[0020] FIG. 3 is a schematic block diagram of a cluster tool, illustrating the basic concept thereof. 
[0021] FIG. 4 is a schematic block diagram of a bifrequency excitation plasma systenv illustrating the basic concept 
s thereof. 

[0022] FIGS. 5A, 5B and 5C are schematic cross sectional views of a bonding apparatus that can be used for the 
purpose of the invention. 

[0023] FIG. 6 is a schematic cross sectional view of a CMOS device. 

[0024] FIGS. 7 A and 7B are graphs showing the waveforms of a 0.1 nsec pulse signal being transmitted on a silicon 
10 substrate and through an Al wire on a metal SOI substrate respectively by 1mm and 2mm. 

[0025] FIG. B is a graph showing the sub-threshold characteristic of a pMOS and that of an nMOS. 

[0026] FIG. 9 is a graph showing the sub-threshold characteristic of a power inversion type pMOS and that of a 

power inversion type nMOS. 

[0027] FIG. 10 is a graph showing the sheet resistance of a buried metal layer. 
is [0028] FIGS. 11A, 11B, 11c, 11D, 11E, 11F, 11G, 11H, 111, 11J, 11K, 11L and 11m are schematic cross sectional 
views of another embodiment of SOI wafer, shown in different preparing steps 
[0029] FIG. 12 is a schematic cross sectional view of another embodiment of CMOS device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

[0030] FIGS. 1A through 11 are schematic cross sectional views of an embodiment of semiconductor substrate ac- 
cording to the invention, shown in different preparing steps. 

[0031] Referring to FIG. 1 1, the embodiment of semiconductor substrate S9 comprises a second support 5, an elec- 
troconductive material layer 8, an insulating layer 2 and a semiconductor layer 10 sequentially arranged on the second 

25 support 5 in the above order. 

[0032] A reaction suppressive layer (reaction terminating layer or low-reactivity layer) 3, 6 substantially made of an 
electroconductive material different from that of the electroconductive material layer 8 or a semiconductor material is 
arranged between the electroconductive material layer 8 and the insulating layer 2 and/or between the electroconduc- 
tive material layer 8 and the support 5. 

30 [0033] With this arrangement, the upper and/or lower interface of the reaction layer 8 can maintain a desired profile 
and suppress any changes in the interfaces, the storage of stress and the degradation of the device that can occur 
when the semiconductor layer 10 is processed to form a semiconductor device therein. An active region of FET or 
bipolar transistor is formed within the semiconductor layer and is connected to the layers 3, 6, 8 via a hole of the 
insulating layer 2 optionally. 

35 [0034] Now, a method of preparing a semiconductor substrate according to the invention will be described. 

[0035] To begin with, a first support 1 having at least one of its surfaces made of a single crystal semiconductor as 
shown in FIG 1 A is placed in position (S1). 

[0036] Then, as shown in FIG. 1 B, an insulating layer 2 is formed on the surface of the single crystal semiconductor 
of the first support 1 (S2). 

40 [0037] Then, as shown in FIG. 1 C, a first reaction suppressive layer 3 is formed on the surface of the insulating layer 
2 (S3). 

[0038] Subsequently, as shown in FIG. ID, a first reaction precursory layer 4 is formed on the surface of the reaction 
suppressive layer 3 (S4). 

[0039] On the other hand, a second support 5 is placed in position as shown in FIG. 1E (S5) and a second reaction 
<5 suppressive layer 6 is formed on the surface of the second support 5 as shown in FIG. 1 F (S6). Note that either the 
first reaction suppressive layer 3 or the second reaction suppressive layer 6 may be omitted for the purpose of the 
invention. 

[0040] Then, as shown in FIG. 1G, a second reaction precursory layer 7 is formed on the surface of the second 

reaction suppressive layer 6 (S7). 
so [0041] Subsequently, as shown in FIG. 1 H, the first and second reaction precursory layers 4, 7 are brought to contact 

each other at appropriate temperature. Then, the two layers react with each other for an alloying reaction or a silicidation 

reaction to produce a reacted layer 8 and consequently the first and second supports 1 and 5 are bonded together. 

[0042] Note that the first and second reaction suppressive layers are made of a material that does not substantially 

react with any of the reaction precursory layers 4, 7 and the reacted layer 8 in the alloying reaction or the silicidation 
ss reaction during the bonding process. For example, refractory metals or refractory metal compounds whose melting 

point is 600°C or higher, can be used for reaction suppressive layers. 

[0043] Finally, all the unnecessary portions of the first support 1 is removed by appropriate means such as polishing, 
grinding, etching, cutting and/or peeling except the necessary layer 10 
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[0O44] For the purpose of the invention, the reaction for producing the reacted layer may be a chemical reaction of 
metal and semiconductor, an alloying reaction of two or more than two metals, a reaction of metal and one or more 
than one metal-semiconductor compounds, a reaction of semiconductor and one or more than one metal-semicon- 
ductor compounds or a reaction of two or more than two metal-semiconductor compounds. 

5 [0045] Combinations of metals that can be used for the alloying reaction include Al-Mg, Mg-Zr, Al-Cu, Al-Zn, Al-Mn, 
Cu-Mg, Cu-AI-Mg. Cu-AI-Mg, Cu-AI-Mg-Ni, Al-Si-Mg, Al-Si-Mg, Cu-AI-Mg-Zn, Fe-Cr-Ni and Fe-Cr-Mo, of which the 
combinations of Cu-Mg, Cu-AI-Mg and Fe-Cr-Ni are preferable for the purpose of the invention. 
[0046] Note that, for example, the combination of Al-Mg refers to a total of four reactions including the reaction of Al 
and Mg, that of an AIMg alloy and Mg, that of Al and an AIMg alloy and that of AIMg alloys with different compositions. 

io [0047] Similarly, the combination of Cu-AI-Mg refers to all alloying reactions that produce a reacted layer of CuAIMg 
as final product and include the reaction of Cu and an AIMg alloy, that of CuAl and an Mg alloy, that of an CuMg alloy 
and Al, that of Cu and a CuAIMg alloy, that of Al and a CuAIMg alloy, that of Mg and a CuAIMg alloy, that of a CuAl 
alloy and a CuMg alloy, that of a CuAl alloy and an AIMg alloy, that of a CuMg alloy and an AIMg alloy and that of 
CuAIMg alloys with different compositions. 

'5 [0048] Therefore, for the purpose of the invention, the reaction precursory layer contains at least a metal selected 
from Al, Mg, Zr, Cu, Zn, Mn, Fe, Cr, Ni and Mo or an alloy containing al least one of the above listed metals. 
[0049] When metal and semiconductor are selected for the reaction, one or more than one metals selected from Ni, 
Co, Cr, Fe, Mo, Nb, Pt, Rh, Ta, Ti, V, W and Zr or one or more than one alloys containing any of these metals are used 
in combination with one or more than one semiconductors selected from amorphous Si, microcrystalline Si, polycrys- 
zo talline Si, single crystal Si, epitaxial single crystal Si, amorphous Ge, microcrystalline Ge, polycrystalline Ge and single 
crystal Ge. The combinations of Ni-amorphous Si, Pt-amorphous Si and Ta-amorphous Si are particularly preferable 
for the purpose of the invention. 

[0050] When metal and one or more than one metal-semiconductor compounds are selected lor the reaction, one 
or more than one metals selected from Ni, Co, Cr, Fe, Mo, Nb, Pt, Rh, Ta, Ti, V, W and Zr or one or more than one 

2S alloys containing any of these metals are used in combination with one or more than one metal-semiconductor com- 
pounds having a stoichiometrically imperfect composition such as metal silicides. The combinations of Ni-(NiSi), Ni- 
(TaSi), Ni-(CoSi), Pt-(NiSi) and Pt-(TiSi) are particularly preferable for the purpose of the invention. 
[0051] Furthermore, when semiconductor and one or more than one metal-semiconductor compounds are selected 
for the reaction, one or more than one semiconductors selected from amorphous Si, polycrystalline Si, single crystal 

30 Si, epitaxial single crystal Si and Ge in combination with one or more than one metal-semiconductor compounds se- 
lected from NiSi. TaSi, CoSi. PtSi and other similar compounds. The combinations of Si-( NiSi), Si-(TaSi), Si-(CoSi), 
Si-(TiSi) having a stoichiometrically imperfect composition are particularly preferable for the purpose of the invention. 
[0052] The above described reaction suppressive layer is made of an electroconductive material that does not react 
with the reacted layer or the material or any of the materials of the reacted layer. The electroconductive material of the 

35 reaction terminating layer is selected from metals (including alloys thereof), semiconductors and melal compounds. It 
may be needless to say that a material that can react with the reacted layer or the material of or any of the materials 
of the reacted layer may also be used for the reaction terminating layer if such a reaction is negligible during the bonding 
and subsequent processes from the viewpoint of the temperature range and the duration of the processes. 
[0053] Metals that can be used for the reaction suppressive layer include Ru, Ir, Ag, Os, TL Cu, Bi, Pb, Sn, Mo, In 

io and Zn, of which Ru, Ir, Ag, Cu and Mo are preferable for the purpose of the invention. Ru and Ir are particularly 
preferable because the oxide of them are electroconductive, which provides a broad process margin. 
[0054] Semiconductor materials that can be used for the reaction suppressive layer include polycrystalline Si, single 
crystal Si and epitaxial single crystal Si, of which polycrystalline Si and single crystal Si are particularly preferable for 
the purpose of the invention. 

« [0055] Metal compounds that can be used for the reaction suppressive layer include TaN, TaSiN, TiN, TiSiN, WN 
and WSiN, of which TaN, TiN and WN are particularly preferably for the purpose of the invention. 
[0056] Mo can be used for both the reaction precursory layer and the reaction suppressive layer of a semiconductor 
substrate according to the invention. Since Mo can produce silicides such as MoS^ at temperature higher than 525°C, 
it can effectively be used for the reaction suppressive layer when the bonding step and the subsequent processing 

so steps are conducted at about 450°C. As specific example, if Pt and Si are made to react each other for a silicidation 
reaction (at about 200°C), Mo can operate effectively if used for the reaction suppressive layer. Similarly, Mo can also 
be used for the reaction suppressive layer for a silicidation reaction of producing Mg-Si, Co-Si, Ni-Si or Pd-Si. 
[0057] Additionally, Si can be used for the reaction suppressive layer when a non-silicidation reaction is used for the 
bonding operation. For example, Si can be used when an alloying reaction is used for the bonding operation at tem- 

s $ perature lower than 400"C. 

[0058] In short, a material that is less reactive than the material of the reaction precursory layer can be used for the 
reaction suppressive layer. 

[0059] For the purpose of the invention, the insulating layer is made of one or more than one materials selected from 
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silicon oxide, silicon nitride, aluminum oxide, aluminum nitride and organic film materials. 

[0060] For the purpose of the invention, the semiconductor layer where devices are prepared is typically made of 
non-porous single crystal Si, although the present invention is not limited thereto and semiconductor materials including 
Ge, diamond and compounds such as GaAs may also be used for the semiconductor layer. 

5 [0061] Materials that can be used for the first and second supports include, as well as Si crystal, Ge crystal, sapphire 
crystal, quartz, glass, metal (crystal) sheet, ceramic sheet and plastic film. The use of an Si wafer having a porous 
layer is a preferable choice for the first support. A second support of an Si wafer shows an excellent adaptability to 
various semiconductor manufacturing apparatus and, additionally, reduces the risk of peeling of films. 
[0062] For the purpose of the invention, the reaction suppressive layer is formed typically by PVD such as sputtering 

10 or CVD such as plasma enhanced C VD and has a thickness between 1 nm and 1 0 um, preferably between 1 0 nm and 
2 urn The first reaction suppressive layer has a thickness between 1 0 nm and 1 0 um, preferably between 0. 1 um and 
2 nm, whereas the second reaction suppressive layer has a thickness between 1 nm and 10 urn, preferably between 
10 nm and 1 um. 

[0063] For the purpose of the invention, the reaction precursory layer is also formed typically by PVD such as sput- 
ts tering or CVD such as plasma enhanced CVD and has a thickness between 1 nm and 1 urn, preferably between 1.5 
nm and 200 nm. 

[0064] The reacted layer has a thickness between 2 nm and 2 |im, preferably between 3.5 nm and 450 nm. 
[0065] For the purpose of the invention, all portions of the reaction precursory layer do not necessarily have to 
become the reacted layer. 

20 [0066] A semiconductor substrate according to the invention comprises a base (supporting member), at least the 
surface of which is semiconductor, an electroconductive material layer, an insulating layer and a semiconductor layer 
arranged sequentially in the above order. 

[0067] Both the reacted layer and the reaction suppressive layer may preferably be electroconductive material layers. 
The reacted layer is typically formed by bonding two substrates that carry on the oppositely disposed surfaces thereof 

25 metal layers, a metal layer and a semiconductor layer, a metal and a metal-semiconductor compound or a semicon- 
ductor and a metal-semiconductor compound respectively and causing the materials of the layers to react each other. 
A reaction suppressive layer is formed at least between the reacted layer and the insulating layer and, preferably, a 
reaction suppressive layer is arranged on the two opposite sides of the reacted layer 
[0068] Now, the present invention will be described in terms of preferable embodiments 

30 [0069] A semiconductor substrate according to the invention is adapted to giga-scale integration for realizing an 
ultra-high density LSI that operates at ultra-high speed with an operating frequency of 10GHz, which is not realizable 
with any known SOI substrate. It is practically impossible to realize an ultra-high density LSI that operates at ultra-high 
speed with an operating frequency of 10GHz by using a known simple SOI substrate as starting material. In other 
words, in order for an ultra-high density LSI that operates at ultra-high speed with an operating frequency of 10GHz 

3S to be realized, it is indispensable to solve the problem of the skin effect of signals being transmitted through wires, that 
of the cross talk and that of the heat generation in operation, which are the problems that have not been any trouble 
at all until such a high density LSI comes into the scene, in addition to the use of a high quality SOI layer. 
[0070] Firstly, the skin effect of signals being transmitted through wires will be briefly discussed. In order to realize 
an LSI that operates at ultra-high speed with an operating frequency of 1 GHz or higher, wires have to be arranged for 

40 signal transmission on an insulating layer disposed on a low resistance metal substrate in place of a conventional 
silicon substrate because, if metal wires are arranged on an insulating layer disposed on a conventional semiconductor 
substrate, the waveform of the signal being transmitted at high speed is theoretically inevitably attenuated and the 
waveform will remarkably collapse when the substrate is made of silicon. 

[0071] This problem can be solved only either by raising the resistivity of the substrate to 100 Qcm or higher to 
45 prevent any electric current from flowing through the substrate or by using a substrate made of a metal having an 
extremely low resistivity to eliminate any energy loss that can arise when an electric current flows through the substrate. 
If, however, a silicon substrate having an extremely high resistivity is used, the coupling capacitor relative to adjacent 
wires will become very large lo increase the signal voltage leak between adjacent wires and consequently extremely 
raise the rate of occurrence of cross talk. Thus, the above identified problem can be solved only by using a metal 
so substrate structure to eliminate the use of a silicon substrate between the wires and the ground from the electric point 
of view. In order for such a substrate structure to be prevented from having an exposed metal rear surface, the rear 
surface of the substrate is made to carry a silicon layer as in the case of a conventional substrate and the layer directly 
held in contact with the insulating layer is made to be a metal layer made of a metal or a silicide having a high elec- 
troconductivity and a thickness greater than the skin depth S of the electromagnetic wave generated when the signal 
55 is transmitted through the layer. More specifically, the skin depth of the electromagnetic wave corresponding to the 
highest frequency component required for a good signal transmission relative to a given device is selected for the 
smallest film thickness. Additionally, if not metal but silicon is used for the layer directly held in contact with the insulating 
layer, the silicon layer has to be made sufficiently thinner than the skin depth 8 of the tenth harmonic component of the 
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pulse voltage signal being transmitted through the wires and the layer made of an electroconductive material such as 
metal or silicide and arranged directly under the silicon layer has to be made sufficiently thicker than the skin depth 6 
of the fundamental component of the pulse voltage signal. While electromagnetic waves are desirably blocked by the 
uppermost surface layer of an electroconductive material that contacts with the insulating layer, an enhanced degree 
of design freedom can be allowed by observing the above described structural requirements. Anyway, the problem of 
attenuation of signals being transmitted through wires that the prior art cannot solve will be dissolved by designing an 
SOI substrate, taking the skin effect of signals being transmitted through wires into consideration. 
[0072] The problem of cross talk becomes serious when electronic circuits are arranged at an enhanced level of 
integration and adjacent wires are located very close to each other. Arranging wires densely to achieve an enhanced 
level of integration is contradictory to minimizing the cross talk. Therefore, it is desirable to use Cu that is highly mi- 
gration-resistive and adapted to a large current density as material for the wires and make the wires show a very flat 
cross section. Additionally, the problem of an enhanced degree of integration and that of cross talk will be solved more 
easily when a high permittivity thin film made of S^N., or AIN is used for the insulating layer arranged directly under 
the wires and a low permittivity material such as plastic is used for the insulating film arranged between wires. 
[0073] While the high permittivity of the insulating layer arranged directly under the wires and used for minimizing 
the cross talk can increase the load capacity and be detrimental to the high speed operation of the drive transistors, 
this problem can be dissolved by reducing the gate length of the MOS transistors and/or increasing the permittivity of 
the gate insulation film to improve the current drive ability. Additionally, the problem of cross talk can also be dissolved 
by designing a buried insulating layer or the like for the SOI substrate, taking the capacitance between the substrate 
and the ground into consideration. All in all, the problem of higher degree of integration and that of cross talk as pointed 
above can be solved by a semiconductor substrate according to the invention. 

[0074] While densely doped polysilicon is currently used for the gate electrode of a CMOS, the resistance of the 
wires and the number of steps of manufacturing a CMOS can be dramatically reduced by using a same metal for both 
the pMOS and the nMOS. However, the respective threshold values -V-p, and V Th to be obtained as a result of using 
a same metal for both the pMOS and the nMOS can be shifted in the same sense in terms of potential to become 
-Vjh+AV-n, and V Th +AV Th respectively by the influence of the difference between the work function of silicon and that 
of the metal of the gate electrode or the electric charge at the interface of the gate electrode and the gate insulating 
layer and that of the gate insulating layer and the channel region. 

[0075] The present invention addresses this problem and provides a pair of solutions. Firstly, the problem can be 
dissolved by burying an electroconductive body having an appropriate work f unction directly under the insulating film. 
More specifically, an electroconductive body (n-Si, n+-Si, Ru, Ni, Co, etc ) having a work function smaller than that of 
non-doped silicon will be used if AV-n,>0, whereas an electroconductive body (p-Si. p + -Si, Nb, V. Ti, Zn, Al, etc.) having 
a work function greater than that of non-doped silicon will be used if AV-n,<0. With this arrangement, the electrocon- 
ductive body will be biased by way of the insulating film by the built-in potential that is generated between the grounded 
lower metal layer and the layer of the electroconductive body to cancel the influence of AV-n,. The reaction suppressive 
layer may be used for the electroconductive body or an additional electroconductive body may be arranged between 
the insulating film and the reaction suppressive layer. 

[0076] Secondly, the problem can be dissolved by using a buried metal layer as power supply line. If AV Th >0, the 
source of the nMOS is connected to the buried metal layer and -V DD (V DD >0) is applied to the buried metal layer, while 
a grounding line is arranged on part of the metal wires and connected to the source of the pMOS. With this power 
supply arrangement the electric potential of the silicon of the channel region can be reduced by way of the insulating 
film to cancel the influence of AV^. If AV^^ on the other hand, the source of the pMOS is connected to the buried 
metal layer and V DD (V DD >0) is applied to the buried metal layer, while a grounding line is arranged on part of the metal 
wires and connected to the source of the nMOS. With either ot the above solutions, a CMOS circuit having ideal 
operating characteristics can be realized 

[0077] The source of nMOS may preferably be grounded as in Example 2 described below because the buried metal 
layer should be grounded in case of ultra-high speed operation. 

[0078] The heat that is generated when the circuit is driven provides the most serious problem lor realizing a highly 
integrated IC that operates at high speed because even a CMOS consumes power and emits heat in proportion to the 
clock frequency and the heat emitted per unit area will be increased as the degree of integration rises. An ultra-high 
speed device where a CML (current mode logic) is used more advantageously than a CMOS cannot get rid of the 
problem of heat emission, either. As a matter of fact, the operational reliability of an ultra-highly integrated circuit is 
dependent on the temperature rise of the circuit due to the emitted heat. Firstly, the thermal noise level rises as a result 
of temperature rise to reduce the S/N ratio and give rise to a circuit failure. Secondly, since the service life t of a set 
of wires is expressed by the modified Black's equation of t = (E^pJ 2 ) X expfqE^kT), service life of the wires is reduced 
as an exponential function of temperature. 

[0079] In short, to minimize the temperature rise and to improve the operating speed and the degree of integration 
are two essential requirements to be met in order to realize a highly performing and highly reliable integrated circuit 
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and these requirements can be satisfied only by selecting materials and a structure for the device that emit heat ef- 
fectively and efficiently to the outside. To satisfy the requirements, firstly, the monolayer structure of the insulating film 
of Si0 2 (thermal conductivity: 0.01 5 W/cmK) of the known SOI substrate will have to be replaced by a multilayer structure 
containing Si 3 N 4 (thermal conductivity: 9 to 30 W/cmK) and/or AIN (thermal conductivity: 2.5W/cmK) because SiO a is 
a remarkably poor conductor of heat if compared with similar feasible materials. Si 3 N 4 is an efficient conductor of heat 
and, unlike SiO a , can operate also as diffusion barrier against metal so that, if it is used in an integrated circuit, it can 
effectively suppress the diffusion of metal from the handle wafer during the heat treatment process. Therefore, the 
problem of realizing an ultra-high density LSI that operates at ultra-high speed and that of heat emission that have not 
been solved by the prior art can now be dissolved by selecting appropriate materials for the SOI substrate, taking the 
thermal conductivities into consideration. 

[0080] Generally, it is extremely difficult to firmly bonda metal and a semiconductor, two metals or two semiconductors 
without leaving any voids on the interface of the two materials because, when bonding two surfaces of such materials 
that are doped with impurities to an enhanced concentration and or otherwise apt to be oxidized, an oxide film is 
inevitably produced on the interface to obstruct the intended interfacial reaction. The oxide film leads to the generation 
of voids and raises the temperature of the heat treatment necessary for the operation of bonding the two surfaces. The 
high temperature can degrade the quality of the silicon layer. 

[0081] Thus, in the processing step of bonding a device wafer (prime wafer) and a handle wafer for preparing a high 
quality SOI substrate, the surfaces of the wafers to be bonded have to be protected by any means against moisture, 
siloxanes and hydrocarbons that can adhere to the surfaces and also against oxide film that can grow on the surfaces. 
Two techniques have been proposed to solve this problem. Firstly, both the device wafer and the handle wafer are 
moved between process chambers in an N 2 or N2/O2 containing atmosphere where the moisture content is minimized 
(to less than several ppb) so that the film forming operation and the bonding operation may be conducted continuously 
without the risk of being exposed to the air. This technique is particularly effective when a silicidation reaction is used 
for the bonding operation because amorphous silicon can be used for the reacting Si layer to reduce the temperature 
and, at the same time, raise the rate of the bonding reaction. 

[0082] Secondly, if the device wafer and/or the handle wafer have to be exposed to the air in the clean room during 
the process of preparing an SOI substrate, non-doped silicon that is less apt to be oxidized is used at least for the 
surface of one of the wafers, if it is made of silicon. If, on the other hand, the surface is made of metal, a metal such 
as Pt, Pd or Ni that is hardly oxidized and produces, if oxidized, an oxide film that can be reduced easily by means of 
H 2 is used for the surface Thus, after forming a film of silicon or metal, the device wafer and the handle wafer that 
have been exposed to the air in the clean room are brought into the bonding chamber, where they are subjected to a 
hydrogen radical treatment at 300 to 500°C in a strongly reducing atmosphere to remove the oxide film and produce 
highly clean surfaces carrying no natural oxide film before they are bonded together. Table 1 below shows the values 
of formation free energy (AG) of various metal oxides at 25°C and 500°C, which are standardized temperatures for 
oxygen 
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Table 


1 


oxide 


[kJ/mol 0 2 ] 


oxide 


[kJ/mol 0 2 ] 


oxide 


[kJ/mol 0 2 ] 


Ag 2 0 


40.6 


Hf0 2 


-998.5 


SnO z 


-442.8 


A1 2 0 3 


-955.3 


ln 2 0 3 


-452.6 


SrO 


-1028. 5 


BaO 


-960.8 


Li 2 0 


-1005.7 


Ta 2 0 3 


-678.4 


BeO 


-1068.5 


MgO 


-1036.0 


Ti 2 o 3 


-1514.3 


Bi 2 0 3 


-243.4 


MnO 


-654.6 


T1 2 0 


-195.7 


CdO 


-362.3 


Mo0 2 


-443.9 


VO 


-195.7 


CoO 


-352.8 


NdO 


-675.3 


W0 2 


-444.9 


Cr 2 0 3 


-618.6 


OsO« 


-86.8 


Y 2 0 3 


-1074.2 


Cu 2 0 


-220.8 


PbO 


-282.8 


ZnO 


-541.1 


Fe 3 0 4 


-425.2 


Sc 2 0 3 


-1117.9 


ZrO z 


-950.8 


Ga 2 Q 3 


-569.0 


s±o 2 


-770.1 





[0083] The formation free energy of the atmosphere in an equilibrated H 2 + 0 2 - H 2 0 system is expressed by AG.= 
AG H20 + 2RT,n ( P H2 / ' P H2o) A metal oxide that is reduced by a hydrogen radical treatment is an oxide having formation 
free energy at a level higher than that of formation free energy of the atmosphere. More specifically, the oxide film that 
is carried by the selected metal on the surface should be easily reduced by H 2 in the atmosphere and under the 
conditions of the reducing operation. For example, if the reducing operation is conducted in a system containing impurity 
moisture by 1 0ppb in 1 00% hydrogen at 500"C (the formation free energy of the atmosphere: 646. 1 kJ/mol 0 2 ), metals 
whose oxides can be reduced in such a system are limited to Ag, Os, Ru, Tl, Cu, Bi, Pb, Ni, Co, Sn, Fe, Mo, W, In, Zn, 
Ga and Cr. Therefore, the metal material should be selected, taking the surface treatment conditions including the 
partial pressures of the components of the atmosphere, the processing temperature and the activation energy into 
consideration. 

[0084] Additionally, the metals and the metal compounds that are present on the bonding interface and its vicinity 
preferably have a thermal conductivity as high as that of the upper insulating film from the viewpoint of discharge of 
heat Still additionally, in order to avoid accumulation of stress that can be generated by rises and falls of temperature 
in the high temperature process, the thermal expansion coefficient of the existing substances should be close to that 
of Si (linear expansion coefficient: 9.6 x lO^K 1 ). 

[0085] Table 2 below shows the percentage of the reduction in the film thickness (1 - silicide film thickness/sum of 
the Si film thickness and the metal film thickness prior to the reaction) for various silicides. 



silicide 


percentage of film thickness reduction [%] 


silicide 


percentage of film thickness reduction [%] 


CoSi 


28.32 


RhSi 


22.36 


CoSi 2 


24.33 


TaSi 2 


23 22 


CrS^ 


29.71 


Ti 5 Si 3 


23.22 


FeSij, 


20 93 


TiSi 


20.16 


MoSi 2 


27.22 


TiSi 2 


23.01 


NbSi 2 


19.36 


VSi 2 


29.91 


NijSi 


20.29 


WSi 2 


22.85 
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Table 2 (continued) 



silicide 


percentage of film thickness reduction [%] 


silicide 


percentage of film thickness reduction [%] 


NiSi 2 


2302 


ZrSi 2 


19.55 


PtSi 


14.99 







[0086] Since the change in the volume of the device before and after the bonding reaction also can give rise to 
storable stress, the change in the volume before and after the bonding reaction should be minimized. Additionally, the 

jo layer of a metal or a metal compound operating as barrier layer for shutting off electromagnetic waves can be made 
very thin by selecting a material having a low specific resistance in order to provide an enhanced degree of design 
freedom for optimizing the film thickness of the layer of a metal or a metal compound in terms of electric conductivity 
in an attempt to avoid or reduce the stress particularly when the layer is used as power supply or earth (ground) line. 
According to the invention, it is possible to realize an excellent heal discharging performance by arranging an inactive 

is electromagnetic wave barrier metal layer right under the insulating film. Additionally, due to the presence of an highly 
extendible metal layer, the stress generated in the upper insulating layer in the thermal processes and the stress 
generated in the reacted layer in the bonding process can be effectively minimized. 

[0087] Still additionally, due to the presence of one or more than one reaction suppressive layers, it is possible to 
use reacting materials that react at very low temperature between 200 and 400°C and hence the reaction can quickly 
zo proceed to the final phase to reduce the overall process time and realize a highly strong and stable bonding effect 
when such materials are bonded at temperature between 500 and 700°C. For example, Ni is turned into nickel silicide 
in a temperature range between 200 and 750° C so that a highly strong and stable bonding effect can be realized in a 
very short period of time when it is bonded at temperature around 500°C 

[0088] Thus, the problem of bonding that the prior art cannot solve will be dissolved by designing an SOI substrate, 
25 taking the interface reaction of the materials to be bonded into consideration, to produce a high quality product at low 
cost 

EXAMPLE 1 

30 [0089] Now, the present invention will be described by way of an example and by referring to FIGS. 2A through 20 
of the accompanying drawings. In this example, firstly a 200 um thick p-type single crystal silicon substrate 100 having 
plane (100) to which boron is added to a concentration of 1 X I0 8 cnr 3 is used (FIG. 2A). Then, a porous silicon layer 
101 having pores with a diameter of several nanometers to 10 nm and arranged at a pitch of 10 nm to tens of several 
nanometers is formed on the surface of the substrate to a depth of 10 to 20 jim by anodizing the surface in an HF/ 

35 H 2 0/IPA (20 to 30wt% HF, 10 to 30wt% IPA), using a p + -type Si layer as opposite electrode (FIG. 2B). Note that the 
surface tension of the solution is reduced to closely wet the specimen by adding IPA so that pores with a diameter of 
several nanometers to 10 nm are formed to a depth of 10 to 20 nm. 

[0090] Subsequently, the specimen is subjected to dry oxidation or steam oxidation at relatively low temperature of 
300 to 400°C to produce a silicon oxide film having a height ot 1 to 2 atoms on the walls of the pores of the porous 
40 silicon layer (FIG. 2C). Then, the surface of the substrate is subjected to an etching operation, using dilute fluoric acid 
of 0.1 to 1%. Since dilute fluoric acid show a high surface tension of higher than 70dyn/cm and the silicon substrate is 
poorly wellable, dilute fluoric acid would not move into the pores of the porous silicon layer and hence the silicon oxide 
film on the porous silicon layer would be etched out only at the surface and its vicinity of the layer. 
[0091] The porous silicon layer whose oxide film is removed only at the surface and its vicinity is then loaded on a 
45 cluster tool as shown in FIG. 3. The cluster tool of FIG. 3 comprises a device loading chamber 201 , a hydrogen surface 
smoothing unit 202, a low temperature oxidation furnace 203, an epitaxial Si film forming unit 204, an Ru film forming 
plasma unit 205 and an amorphous Si film forming plasma unit 206 that are connected with each other by way of a 
low pressure Ng/Ar tunnel 200a to produce a device wafer process line The cluster tool additionally comprises a handle 
wafer loading chamber 207, an Ru film forming plasma unit 208 and an Ni film forming plasma unit 209 that are con- 
so nected each other by way of a similar low pressure Ng/Ar tunnel 200b to produce a handle wafer process line. Then, 
the device wafer process line and the handle wafer process line are put together at a bonding unit 210 and connected 
further to an unloading chamber 211 . With the process of this example, all the subsequent processing steps including 
the film forming step, the heat treatment step and the bonding step are conducted in this cluster tool. The above 
described cluster tool is characterized in that all the process chambers are connected by Ng/Ar tunnels so that the 
55 semiconductors, the metals and the insulators on the substrate are not exposed to the atmosphere at all and the film 
forming operations can be conducted continuously in a clean atmosphere. 

[0092] After the loading step, the specimen is subjected to a heat treatment operation conducted at 1,000 to 1,100°C 
in a hydrogen atmosphere to produce a flat and smooth non-porous single crystal silicon layer on the surface that 



12 



EP 0 895 282 A2 



contains the porous silicon layer in the inside (FIG. 2D) The flatness and the smoothness of the non-porous single 
crystal silicon layer of the surface will be improved when the H 2 atmosphere is made to contain SiH 2 CI 2 or SiHCI 3 by 
about 1 to 100ppm. 

[0093] Thereafter, a single crystal silicon layer 1 02 is made to grow to show a thickness of about 0.5 to 2 urn on the 
porous silicon layer 101 whose outermost surface has been turned to non-porous, using SiH 2 CI 2 at 100 to 1,100°C or 
SiH 4 gas at 900 to 1,000°C (FIG. 2E). The growth temperature can be lowered to about 800 to 850°C if the growth 
process is conducted under low pressure of about lOTorr. 

[0094] Subsequently, an oxide film 1 03 is formed to a thickness of about 5 nm to 1 pm on the surface of the epitaxially 
grown silicon layer through steam oxidation of the silicon (FIG. 2F). This oxidation process is conducted at 300 to 
400°C in a reactor that is coated with Pt/TiN in an atmosphere of H 2 +H 2 0 produced by introducing a mixture gas of 
2H 2 +( 1 /2)0 2 and causing the oxygen to react and become completely consumed 

[0095] Then, a silicon nitride insulating film 104 is formed thereon to a thickness of about 0.02 to 1 5pm by means 
of plasma CVD (FIG. 2G) and then consecutively an Ru thin film 105 is formed thereon to a thickness of about 0 1 to 
2 pm by sputtering in a bifrequency excitation plasma system (FIG. 2H). Thereafter, an amorphous silicon layer 106 
showing a resistivity of about 0.01 to 10kiicm and containing an impurity to a very low concentration (1 x 10 12 to 1 x 
1 0' 5 cnrr 3 ) is formed further thereon to a thickness ot about 2 to 200 nm by deposition in the same bifrequency excitation 
plasma system (FIG. 2l). The obtained substrate is used as device wafer 107 or a first support. 
[0096] FIG. 4 is a schematic block diagram of a bifrequency excitation plasma system that can be used for the 
purpose of the invention. The system comprises a chamber 300 for containing in the inside a target 301 and a specimen 
holding section arranged in parallel with each other and is provided with a gas inlet port 302 and an evacuation system 
303. An RF power source 304 is connected to both the target 301 and the specimen 305 by way of respective matching 
circuits 306 so that the bias of the specimen 305 can be controlled when an insulating film of SiC^ is deposited or when 
a layer is deposited on the insulator substrate. A shield 307 is arranged to enclose the electrodes in such a way that 
the potential of the shield 307 can be controlled by applying a bias voltage from outside. The evacuation system 303 
comprises an oil-free magnetic levitation type turbo molecular pump and a dry pump to provide ultra-vacuum of about 
1 0" 10 Torr in the chamber 300 Ultra-high purity gas is introduced into the chamber 300 by way of the gas inlet port 302. 
[0097] It will be appreciated that a high quality Ru thin film or a high quality amorphous silicon thin film can be formed 
to a desired thickness on an insulating material such as silicon nitride with the above described system under appro- 
priate conditions. 

[0098] Similarly, a high quality thin film deposit can be obtained by means of a multipolar excitation system comprising 
a dipole ring magnet (DRM) having an evenly distributed magnetic field. Such a film deposit is highly uniform and 
adapted to be extended over a large area. Likewise, highly uniform high density plasma of about tC^cm -3 with low 
plasma irradiation energy can be generated to produce a high quality thin film deposit by means of a radial line slot 
antenna (RLSA) excitation system that uses a microwave with a frequency of about 2 to 20GHz. 
[0099] Thereafter, another Si substrate 108 that is different from the p + -type single crystal silicon substrate 100 is 
placed in position (FIG. 2J) and an Ru thin film 109 (FIG 2K) and an Ni thin film 110 (FIG. 2L) are sequentially formed 
to respective thicknesses of about 0.01 to 1 nm and about 1.5 to 150 nm to produce a handle wafer 111 as a second 
support. 

[0100] Then, the amorphous silicon layer 106 of the device wafer 107 and the Ni layer 110 of the handle wafer 111 
are put together and held in firm contact with each other to produce a bonding interface, which is then subjected to a 
heat treatment. 

[0101 ] FIGS. 5A through 5C are schematic cross sectional view of a bonding apparatus that can be used for bonding 
the device wafer 107 and the handle wafer 111. Note that FIGS. 5A through 5C respectively show the processing steps 
of setting a pair of wafers in position, bringing central areas of the wafers into close contact with each other and 
terminating the bonding operation. A completely flat stage 400 and a ring-shaped multi-step electrostatic chuck 401 
are held to 200 to 400°C to remove any moisture and hydrocarbon compounds that may be adhering to the surfaces 
thereof. It may be needless to say that the surface of the device wafer 1 05 and that of the handle wafer 1 06 transported 
from an upstream chamber of the cluster tool are totally free from moisture, hydrocarbons and siloxanes. Firstly the 
wafers are pressed against each other at respective central areas in an ultra-clean low pressure atmosphere of 1 x 
10 5 to 10 Torr containing Ar and/or N 2 . More specifically, the handle wafer 111 is held by an electrostatic chuck 401 
and warped along the profile of the electrostatic chuck 401 before the wafers are aligned by driving the stage section 
400. Then, the wafers are bonded to each other gradually from the center toward the periphery as a gradient vacuuming 
voltage that is gradually reduced from the center toward the periphery is used for the ring-shaped multi-step electrostatic 
chuck. Note that low temperature is used for this bonding operation in order to prevent any silicidation reaction from 
taking place. 

[0102] It should be stressed once again that the above described cluster tool was used in this example of forming 
an SOI substrate base by bonding a device wafer 107 and a handle water 111 in order to realize a stable ultra-clean 
bonding interface that is free from any oxide film. Therefore, the silicon surface ot the device wafer 107 and the metal 
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surface of the handle wafer 111 that provide the bonding interface are totally free from moisture, siloxanes and hydro- 
carbons. Additionally, in order to avoid any growth of oxide film on the metal surface, the device wafer 107 is not 
exposed to the atmosphere after forming the amorphous silicon film 106, while the handle wafer 111 is not exposed to 
the atmosphere after forming the Ni layer 110 so that they are transported in an N 2 or N2/O2 atmosphere and bonded 
5 together in consecutive steps, keeping the surfaces in an ultra-clean condition, to make the bonded interface totally 
free from natural oxide film. 

[01 03] The above heat treatment is conducted in an Ar atmosphere at processing temperature of 500°C for a duration 
of about an hour, using processing gas. At the end of the heat treatment, all the amorphous silicon 106 is turned into 
a silicide layer 112 to firmly bond the two wafers and produce a single bonded wafer 113 as a result of the silicidation 

10 reaction (FIG. 2M). 

[0104] Subsequently, the p+-type substrate 100 on the side of the device wafer is ground to nearly get to the porous 
layer 101 by means of a grinder (FIG. 2N) and the bonded base 11 3 is immersed in a selective etching solution, which 
may be a solution of HF/HN03/CH 3 COOH/H 2 0. to selectively etch the porous portion (porous silicon base) 101 and 
the surface of the base is smoothed typically by means of PACE (plasma assisted chemical etching) to produce a 

is finished SOI substrate 114 (FIG. 20). 

[0105] When the depth profile of the obtained SOI substrate was observed by means of SIMS in the example, it was 
found that the bonding/reaction interface had a steep profile that cannot be realized on the bonding/reaction interface 
of any known metal substrate SOI wafer and each of the functional layers (the electromagnetic wave barrier layer and 
the bonded/reacted layer) could be controlled for the thickness Thus, it was confirmed that a large diameter wafer 

20 such as a 300mm wafer shows a warp only comparable with that of the starting wafer after passing through the heat 
treatment steps equivalent to those of a CMOS manufacturing process and no peeled films were observed. 
[0106] Then, MOS transistors were formed on the metal substrate SOI wafer as shown in FIG 6. Firstly, an Si0 2 
insulating film was formed and a 0.5 jam thick Ta layer was formed. Thereafter, the gate electrodes and the source/ 
drain electrodes were patterned and the source/drain layer was formed by ion implantation. Note that, in this example, 

2S the Ta gate was used as mask in the process of forming the source/drain regions by ion implantation in a self aligning 
fashion. The layer implanted with ions was annealed at low temperature of 450"C. The ion implantation system used 
in this example was an ultra-clean ion implantation system designed to produce vacuum of a degree of 10" 10 Torr and 
sufficiently minimize the contamination due to the sputtering of the metals of the chamber vessel caused by ion beams. 
A CMOS type inverter circuit was prepared and the source 503 of the n-type MOS transistor was connected to the Ru 

30 layer 501 located right thereunder while the source 502 of the p-type MOS transistor was connected to the Cu wire 
504 located right thereon. The Ru substrate 50 1 was grounded and the Cu wire 504 was connected to the power supply 
voltage. The Cu wire 504 was made to have an area equal to 2/3 of that of the chip. 

[0107] FIGS. 7 A and 7B are graphs showing how the waveform of a pulse signal is deformed when transmitted at 
room temperature through a wire arranged on a silicon substrate with an insulating film interposed therebetween. More 

3S specifically, the deformed signal waveform that appears on a silicon substrate as shown in FIG. 7A is not observable 
when the signal is transmitted through a wire arranged on a metal substrate as shown in FIG. 7B. This means that, 
when a metal wire is arranged on a metal substrate with an insulating film interposed therebetween, the electric field 
that arises there does not have any component directed along the direction of signal transmission and the only com- 
ponent of the electric field is directed perpendicularly relative to the direction of the signal transmission so that the 

40 signal is left free from attenuation due to the electric field FIG. 8 shows a graph of the sub-threshold characteristic of 
an n-type MOS and a p-type MOS. From these graphs, it will be seen that there arises a voltage shift of AV-^-O^V 
that interferes with the proper operation of a CMOS inverter. Then, there was prepared a device by way of a process 
exactly same as that of preparing the above inverter, wherein the source of the p-type MOS was connected to the 
buried metal layer and 1 V was applied to the buried metal layer to use the buried metal layer as power supply line. 

45 FIG. 9 shows a graph illustrating the sub-threshold characteristic of the device. It will be appreciated that AV-p, is 
canceled by this arrangement of the power source. Thus, a CMOS inverter adapted to changes in AV-n, is realized by 
using an SOI wafer according to the invention. 

[0108] FIG. 10 shows a graph illustrating the sheet resistance of the buried metal layer that was exposed by etching 
the wafer after the completion of the process. For the purpose of comparison, FIG. 1 0 also shows the sheet resistance 

so of a buried metal layer obtained by totally replacing the Ru by Ni. While sheet resistance of the specimen of this example 
did not show any change between immediately after the bonding operation and after the completion of the process 
(the line at the right side), that of the modified specimen showed a remarkable change (the line at the left side). By 
computation, it was found that about 48% of the Ni existed immediately after the bonding operation had been silicidized 
in the course of the various subsequent processing steps so that the thickness of the buried metal layer optimized 

SS relative to the skin depth had been changed to lose, if partly the barrier effect against electromagnetic fields. Thus, it 
was proved that a metal substrate SOI device showing a wide process margin can be prepared according to the in- 
vention. 

[0109] White silicon was used for the flat and plain semiconductor layer in the above example, any other semicon- 
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ductor such as Ge, diamond or GaAs may be used to realize the same effect. 

[0110] While Ru is used for the reaction terminating layer in the above example, it may be replaced by another high 
melting point metal, an alloy containing a high melting point metal, a semiconductor or a compound thereof to realize 
the same effect if the above processing steps are observed 

[0111] While a reaction between a metal such as nickel and silicon, that is a silicidation reaction, was used for bonding, 
other reactions including metal alloying reaction may be used to realize the some effect. 

[0112] While nickel silicide was used as the silicide of the above example, silicide of some other metal may be used 
to realize the same effect. 

[011 3] While the deposited silicon film formed on the surface of the device wafer was brought into close contact with 
the surface metal layer of the handle waler and heated in the process of bonding the device wafer and the handle 
wafer in the above example, a deposited metal film formed on the surface of the device wafer may be brought into 
close contact with the silicon surface of the handle wafer and heated in the bonding process to realize an effect same 
as that of the above example 

[011 4] While the heat treatment was conducted in an Ar atmosphere after the bonding operation in the above exam- 
ple, the Ar gas may be replaced by an inert gas such as gas or He gas to realize the same effect. While the device 
wafer was removed by grinding in the above example, it may alternatively be removed by means of a process for 
peeling the substrate through the porous silicon layer or its vicinity to realize the same eflect. 

[0115] While the technique of PACE was used for the smoothing operation after etching the porous silicon layer in 
the above example, any other appropriate smoothing technique may alternatively be used to realize the same effect. 
[0116] While AV-p, was corrected by modilying the configuration of the power source in the above example, the same 
effect may be realized by performing a correcting operation by alternatively burying an elect roconductive layer having 
a different work function. 

EXAMPLE 2 

[0117] Now, the present invention will be described by way of an example and by referring to FIGS. HA through 110 
of the accompanying drawings. In this example, firstly a 200 pm thick p-type single crystal silicon substrate 100 having 
plane (100) to which boron is added to a concentration of 1 x lO^cm-a is used (FIG. 11 A). Then, a porous silicon layer 
101 having pores with a diameter of several nanometers to 10 nm and arranged at a pilch of 10 nm to tens of several 
nanometers is formed on the surface of the substrate to a depth of 10 to 20 urn by anodizing the surface in an HF/ 
H 2 0/IPA (20 to 30wt% HF, 10 to 30wt% IPA), using a p + -type Si layer as opposite electrode (FIG. 11B). Note that the 
surface tension of the solution is reduced to closely wet the specimen by adding IPA so that pores with a diameter of 
several nanometers to 10 nm are formed to a depth of 10 to 20 nm. 

[0118] Subsequently, the specimen is subjected to dry oxidation or steam oxidation at relatively low temperature of 
300 to 400° C to produce a silicon oxide film having a height of 1 to 2 atoms on the walls of the pores of the porous 
silicon layer (FIG. 11C). Then, the surface of the substrate is subjected to an etching operation, using dilute fluoric acid 
of 0.1 to 1%. Since dilute fluoric acid show a high surface tension of higher than 70dyn/cm and the silicon substrate is 
poorly wettable, dilute fluoric acid would not move into the pores of the porous silicon layer and hence the silicon oxide 
film on the porous silicon layer would be etched out only at the surface and its vicinity of the layer. 
[0119] The porous silicon layer whose oxide film is removed only at the surface and its vicinity is then loaded on a 
cluster tool. With the process of this example, the semiconductors, the metals and the insulators on the substrate are 
not exposed to the atmosphere at all and the film forming operations can be conducted continuously in a clean atmos- 
phere. 

[0120] After the loading step, the specimen is subjected to a heat treatment operation conducted at 1 ,000 to 1 .lOCC 
in a hydrogen atmosphere to produce a flat and smooth non-porous single crystal silicon layer on the surface that 
contains the porous silicon layer in the inside (FIG. 11 D). The flatness and the smoothness of the non-porous single 
crystal silicon layer of the surface will be improved when the H 2 atmosphere is made to contain SiH 2 CI 2 or SiHCI 3 by 
about 1 to lOOppm. 

[0121] Thereafter, a single crystal silicon layer 102 is made to grow to show a thickness of about 0.5 to 2 pm on the 
porous silicon layer 101 whose outermost surface has been turned to non-porous, using SiH 2 CI 2 at 1 ,000 to 1 ,100°C 
or SiH 4 gas at 900 to 1 ,000°C (FIG. 1 1 E). The growth temperature can be lowered to about 800 to 850°C if the growth 
process is conducted under low pressure of about 10Torr. 

[0122] Subsequently, an oxide film 1 03 is formed to a thickness of about 5 nm to 1 pm on the surface of the epitaxially 
grown silicon layer through steam oxidation of the silicon (FIG. 11 F). This oxidation process is conducted at 300 to 
400°C in a reactor that is coated with Pt/TiN in an atmosphere of H 2 +H z O produced by introducing a mixture gas of 
2H 2 +(1/2)0 2 and causing the oxygen to react and become completely consumed. 

[0123] Then, a silicon nitride insulating film 104 is formed thereon to a thickness of about 0.02 to 1.5pm by means 
of plasma CVD (FIG. 11G) and then consecutively a boron-doped p+-type Si layer 121 is formed thereon to a thickness 
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of about 1 to 500 nmby plasma CVD (FIG. 11H). Thereafter, an Ir thin film 122 and a Ni thin film 123 are formed further 
thereon to a thickness each of about 0.2 to 2 urn by plasma CVD (FIG. 111) The obtained substrate is used as device 
wafer 1 07 as a first support. 

[0124] A high quality Ir or Ni thin film deposit can be obtained by means of a multipolar excitation system comprising 

5 a dipole ring magnet (DRM) having an evenly distributed magnetic field. Such a film deposit is highly uniform and 
adapted to be extended over a large area. Likewise, highly uniform high density plasma of about 10 12 cnrr 3 with low 
plasma irradiation energy can be generated to produce a high quality oxide, nitride or silicon thin film by means of a 
radial line slot antenna (RLSA) excitation system that uses a microwave with a frequency of about 2 to 20GHz. 
[0125] Thereafter, another Si substrate 108 that is different from the pMype single crystal silicon substrate 100 is 

10 placed in position (FIG. 11 J) and is subjected to chemical cleansing by the use of HF or the like to remove natural 
oxide film and effect hydrogen termination of the surface, thereby obtaining a handle wafer 111 as a second support. 
[0126] Then, the Ni layer 123 of the device wafer 107 and the surface of the handle wafer 108 are put together and 
held in firm contact with each other to produce a bonding interface, which is then subjected to a heat treatment. 
[01 27] FIGS. 5A through 5C are schematic cross sectional views of a bonding apparatus that can be used for bonding 

is the device wafer 107 and the handle wafer 108. Note that FIGS. 5A through 5C respectively show the processing steps 
of setting a pair of walers in position, bringing central areas of the wafers into close contact with each other and 
terminating the bonding operation. A completely flat stage 400 and a ring-shaped multi-step electrostatic chuck 401 
are held to 200 to 400°C to remove any moisture and hydrocarbon compounds that may be adhering to the surfaces 
thereof. It may be needless to say that the surface of the device waler 1 05 and that of the handle wafer 1 08 transported 

20 from an upstream chamber of the cluster tool are totally free from moisture, hydrocarbons and siloxanes. Firstly the 
wafers are pressed against each other at respective central areas in an ultra-clean low pressure atmosphere of 1 x 
10" s to 10 Torr containing Ar and/or N 2 . More specifically, the handle wafer 108 is held by an electrostatic chuck 401 
and warped along the profile of the electrostatic chuck 401 before the wafers are aligned by driving the stage section 
400. Then, the wafers are bonded to each other gradually from the center toward the periphery as a gradient vacuuming 

25 voltage that is gradually reduced from the center toward the periphery is used for the ring-shaped mufti step electrostatic 
chuck. Note that low temperature is used for this bonding operation in order to prevent any silicidation reaction from 
taking place. 

[0128] It should be stressed once again that the above described cluster tool was used in this example of forming 
an SOI substrate base by bonding a device wafer 107 and a handle wafer 108 in order to realize a stable ultra-clean 

30 bonding interface that is free from any oxide film Therefore, the metal surface of Ihe device wafer 107 and the silicon 
surface of the handle wafer 108 that provide the bonding interface are totally free from moisture, siloxanes and hydro- 
carbons. Additionally, in order to avoid any growth of oxide film on the metal surface, the device wafer 107 is not 
exposed to the atmosphere after forming the Ni layer 1 23, while the handle wafer 1 08 is not exposed to the atmosphere 
after hydrogen termination treatment so that they are transported and bonded together in consecutive steps, keeping 

35 the surfaces in an ultra-clean condition, to make the bonded interface totally free from natural oxide film. 

[01 29] The above heat treatment is conducted in an Ar atmosphere at processing temperature of 500°C for a duration 
of about an hour, using processing gas. At the end of the heat treatment, all the Ni layer 123 is turned into a nickel 
silicide layer 124 of 10 nm in thinckness to firmly bond the two wafers and produce a single bonded wafer 113 as a 
result of the silicidation reaction (FIG 11K). 

40 [01 30] Subsequently, the p + -type substrate 1 00 on the side of the device wafer is removed (FIG. 11 L) and the bonded 
base 113 is immersed in a selective etching solution, which may be a solution of HF/HN0 3 /CH 3 COOH/H 2 0, to selec- 
tively etch the remaining portion of porous silicon 101 and the surface ol the base is smoothed typically by heat treatment 
in a hydrogen atmosphere at 900°C or higher to produce a finished SOI substrate 114 (FIG. IIM). 
[0131] When the depth profile of the obtained SOI substrate was observed by means of SIMS in the example, it was 

45 found that the bonding/reaction interface had a steep profile that cannot be realized on the bonding/reaction interlace 
of any known metal substrate SOI wafer and each of the functional layers (the electromagnetic wave barrier layer and 
the bonded/reacted layer) could be controlled for the thickness. Thus, it was confirmed that a large diameter wafer 
such as a 300mm wafer shows a warp only comparable with that of the starting wafer after passing through the heat 
treatment steps equivalent to those of a CMOS manufacturing process and no peeled films were observed. 

so [0132] Then, MOS transistors were formed on the metal substrate SOI wafer as shown in FIG 12. Firstly, an Si0 2 
insulating film was formed and a 0.5 urn thick Ta layer was formed. Thereafter, the gate electrodes and the source/ 
drain as a part of an active region of FET were patterned and the source/drain layer was formed by ion implantation. 
Note that, in this example, the Ta gate was used as mask in the process of forming the source/drain regions by ion 
implantation in a self aligning fashion. The layer implanted with ions was annealed at low temperature of 450°C. The 

55 ion implantation system used in this example was an ultra-clean ion implantation system designed to produce vacuum 
of a degree of 10- 10 Torr and sufficiently minimize the contamination due to the sputtering of the metals of the chamber 
vessel caused by ion beams. A CMOS type inverter circuit was prepared and the source 503 of the n-type MOS 
transistor was connected to the Ir layer 122, via hole of the insulating layer located right thereunder while the source 
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502 of the p-type MOS transistor was connected to the Cu wire 504 located right thereon. The Ir layer and substrate 
are grounded and the Cu wire 504 was connected to the power supply voltage. The Cu wire 504 was made to have 
an area equal to 2/3 of that of the chip. 

[0133] An n-type MOS and a p-type MOS having a structure shown in FIG. 12 except that the p + -type Si layer 121 
is omitted will exhibit a sub-threshold characteristic as shown in FIG. 8. On the other hand, the device prepared ac- 
cording to this example shows a sub-threshold characteristic as shown in FIG. 9. It will be appreciated that AV-n, is 
canceled by the existence of p + -type Si layer in this arrangement. Thus, a CMOS inverter adapted to changes in A V Th 
is realized by using an SOI wafer according to the invention. 

[0134] The sheet resistance of the buried metal layer that was exposed by etching the wafer after the completion of 
the process is the same as shown in FIG 10 For the purpose of comparison, FIG. 10 also shows the sheet resistance 
of a buried metal layer obtained by totally replacing the Ir by Ni. While sheet resistance of the specimen of this example 
did not show any change between immediately after the bonding operation and after the completion of the process 
(the line at the right side), that of the modified specimen showed a remarkable change (the line at the left side). By 
computation, it was found that about 48% of the Ni existed immediately after the bonding operation had been silicidized 
in the course of the various subsequent processing steps so that the thickness of the buried metal layer optimized 
relative to the skin depth had been changed to lose, if partly the barrier effect against electromagnetic fields. Thus, it 
was proved that a metal substrate SOI device showing a wide process margin can be prepared according to the in- 
vention. 

[0135] While silicon was used for the flat and plain semiconductor layer in the above example, any other semicon- 
ductor such as Ge, diamond or GaAs may be used to realize the same effect. 

[0136] While Ir is used for the reaction terminating layer in the above example, it may be replaced by another high 
melting point metal (refractory metal) such as Ru, an alloy containing a high melting point metal, a semiconductor or 
a compound thereof to realize the same effect if the above processing steps are observed. 

[0137] While a reaction between a metal such as nickel and silicon, that is a silicidation reaction, was used for 
bonding, other reactions including metal alloying reaction may be used to realize the some effect. 
[0138] While nickel silicide was used as the silicide of the above example, silicide of some other metal may be used 
to realize the same effect. 

[0139] While the Ni film formed on the surface of the device wafer was brought into close contact with the surface 
of the handle wafer and heated in the process of bonding the device wafer and the handle wafer in the above example, 
a silicon film formed on the surface of the device wafer may be brought into close contact with the surface metal layer 
of the handle wafer and heated in the bonding process to realize an effect same as that of the above example. 
[0140] While the heat treatment was conducted in an Ar atmosphere after the bonding operation in the above ex- 
ample, the Ar gas may be replaced by an inert gas such as N 2 gas or He gas to realize the same effect. 
[0141] Further, other conditions may be modified appropriately as in EXAMPLE 1 . 

[0142] It is preferable that an aluminum nitride layer instead of the silicon nitride layer is formed and that a metal 
layer is formed on the back surface of the handle wafer. 

[0143] Thus, the present invention provides a method of preparing a high quality metal substrate SOI wafer that 
cannot be realized by the prior art by means of a cold process as well as a high quality metal substrate SOI wafer 
prepared by such a method. Additionally, the present invention makes it possible to realize a highly reliable SOI device 
that is adapted to be driven by a large electric current to transmit signals through the wires at high speed with an 
improved heat emitting ability. In short, a giga scale integration (GSI) can be realized for the first time by the present 
invention. 



Claims 

1. A semiconductor substrate comprising an electroconductive material layer formed on a support, an insulating layer 
formed on the electroconductive material layer and a semiconductor layer formed on the insulating layer, said 
electroconductive material layer having at least an electroconductive layer selected from: 

a reacted layer of metals; 

a reacted layer of a metal and a semiconductor; 

a reacted layer of a metal and a metal-semiconductor compound; 

a reacted layer of a semiconductor and a metal-semiconductor compound; and 

a reacted layer of metal-semiconductor compounds, wherein a reaction suppressive layer consisting essen- 
tially of a material different from that of said electroconductive material layer is arranged between said elec- 
troconductive material layer and said insulating layer and/or between said electroconductive material layer 
and said support. 
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2. A semiconductor substrate according to claim 1 , wherein said semiconductor layer is a single crystal layer. 

3. A semiconductor substrate according to claim 1, wherein at least the surface of said support is made of a semi- 
conductor. 

4. A semiconductor substrate according to claim 1, wherein said insulating layer contains a silicon oxide film and 
silicon nitride or a silicon oxide film and aluminum nitride. 

5. A semiconductor substrate according to claim 3, wherein said reacted layer is made of a silicide and the surface 
of said substrate is made of silicon. 

6. A semiconductor substrate according to claim 1 or 3 : wherein said reaction suppressive layer contains at least a 
layer of metal, semiconductor or a metal compound. 

7. A semiconductor substrate according to claim 1 or 3, wherein said reaction suppressive layer is made of metal or 
a metal compound containing at least one of Ru, Ir, V, Ti, Cu, Be, Ag, Os, Mo and W. 

8. A semiconductor substrate according to claim 1 or 3, wherein at least part of said reaction suppressive layer formed 
on the side of said insulating film is thicker than the skin depth of the electromagnetic wave corresponding to the 
highest frequency component required for a good signal transmission. 

9. A semiconductor substrate according to claim 1 or 3, wherein said reaction suppressive layer is used as power 
supply line or ground line leading to a device. 

10. A semiconductor substrate according to claim 1 or 3, wherein said reaction suppressive layer is made of an elec 
troconductive material having a work function different from that of non-doped silicon. 

11. A semiconductor substrate according to claim 1 or 3, wherein an electroconductive material layer having a work 
function different from that of non-doped silicon is arranged between said insulating layer and said reaction sup- 
pressive layer. 

12. A semiconductor substrate according to claim 1 or 3, wherein said semiconductor is n-Si, n + -Si, p-Si or p + -Si. 

13. A semiconductor substrate according to claim 1 , wherein said reacted layer is made of a silicide and said reaction 
suppressive layer is made of metal. 

14. A semiconductor substrate according to claim 1, wherein said reaction suppressive layer is made of a material 
that does not react with the reacted layer at the temperature used for forming said reacted layer. 

15. A method of preparing a semiconductor substrate as defined in claim 1 , comprising steps of: 

forming an insulating layer on a first support made of a single crystal semiconductor; 

forming a first reaction precursory layer made of a metal, a semiconductor or a metal compound on said 
insulating layer; 

preparing a second support having a second reaction precursory layer made of a metal, a semiconductor or 
a metal compound; and 

bringing said first reaction precursory layer and said second reaction precursory layer into contact to react 
and bond them with each other, 

wherein said method further comprises a step of forming a reaction suppressive layer made of a material different 
from any of the materials of said first and second reaction precursory layers between said first reaction precursory 
layer and said insulating layer and/or between said second reaction precursory layer and said second support. 

1 6. A method according to claim 1 5, wherein said reaction suppressive layer is made of at least one or more than one 
metal selected from Ru, Ir, Ag, Os, TI, Cu, Bi, Pb, Sn, Mo, In and Zn. 

1 7. A method according to claim 1 5, wherein said reaction suppressive layer is made of at least one or more than one 
metal compound selected from TaN, TaSiN, TiN, TiSilM. WN and WSiN 
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1 8. A method according to claim 1 5. wherein one of said first and second reaction precursory layers is made of silicon. 

19- A method according to claim 1 5, wherein said first and second reaction precursory layers is respectively made of 
silicon and a first metal or vice versa and said reaction suppressive layer is made of a second metal that is less 
reactive than the first metal relative to silicon. 

20. A method according to claim 1 9, wherein said first metal refers to at least one or more than one metals selected 
from Mg, Co, Ni, Pd, Pt and Ta and said second metal refers to at least one or more than one metals selected from 
Ru, Ir, Ag, Os, Tl , Cu, Bi. Pb, Sn, Mo, In and Zn. 

21. A method of preparing a semiconductor substrate as defined in claim 1, comprising steps of: 

preparing a first substrate by 

forming an insulating layer on the surface of a silicon single crystal substrate body or a silicon single crystal 
thin film epitaxial layer; 

forming a first metal deposited film on the surface of said insulating layer; and 
forming a second metal deposited film on the surface of said first metal deposited film; 

preparing, on the other hand, a second substrate by 

forming a third metal deposited film on the surface of a silicon single crystal substrate body; and 
forming a fourth metal deposited film on the surface of said third metal deposited film; and 

subsequently holding said second metal deposited film on said first substrate and said fourth metal deposited 
film on said second substrate in close contact relative to each other and heat-treating them to cause an alloying 
reaction between said second metal deposited film and said fourth metal deposited film. 

22. A method of preparing a semiconductor substrate as defined in claim 1 , comprising steps of: 

preparing a first substrate by 

forming an insulating layer on the surface of a silicon single crystal substrate body or a silicon single crystal 
thin film epitaxial layer; 

forming a first metal deposited film on the surface of said insulating layer; and 
forming a second metal deposited film on the surface of said first metal deposited film; 

preparing, on the other hand, a second substrate by 

forming a third metal deposited film on the surface of a silicon single crystal substrate body; and 
forming a silicon deposited film on the surface of said third metal deposited film; and 

subsequently holding said second metal deposited film on said first substrate and said silicon deposited film 
on said second substrate in close contact relative to each other and heat-treating them to cause a silicidation 
reaction between said second metal deposited film and said silicon deposited film. 

23. A method according to claim 21 or 22, wherein said first metal deposited film is made of a metal that does not form 
an alloy with the metal of said second metal deposited film. 

24. A method of preparing a semiconductor substrate as defined in claim 1 , comprising steps of: 

preparing a first substrate by 

forming an insulating layer on the surface of a silicon single crystal substrate body or a silicon single crystal 
thin film epitaxial layer; 

forming a first metal deposited film on the surface of said insulating layer; and 
forming a silicon deposited film on the surface of said first metal deposited film; 
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preparing, on the other hand, a second substrate by 

forming a third metal deposited film on the surface of a silicon single crystal substrate body, and 
forming a fourth metal deposited film on the surface of said third metal deposited film; and 

5 

subsequently holding said silicon deposited film on said first substrate and said fourth metal deposited film on 
said second substrate in close contact relative to each other and heat-treating them to cause a silicidation 
reaction between said silicon deposited film and said fourth metal deposited film. 

10 25. A method of preparing a semiconductor substrate as defined in claim 1 , comprising steps of: 

preparing a first substrate by 

forming an insulating layer on the surface of a silicon single crystal substrate body or a silicon single crystal 
is thin film epitaxial layer; 

forming a first metal deposited film on the surface of said insulating layer; and 
forming a silicon deposited film on the surlace of said first metal deposited film; 

preparing, on the other hand, a second substrate by t=k 

20 

forming a third metal deposited film on the surface of a silicon single crystal substrate body; 
forming a fourth metal deposited film on the surface of said third metal deposited film; and 
forming a silicon deposited film on the surface of said fourth metal deposited film; and 

25 subsequently holding the silicon deposited film on said first substrate and the silicon deposited film on said 

second substrate in close contact relative to each other and heat-treating them to cause said fourth metal 
deposited film to react with the silicon deposited film on said second substrate and then with the silicon de- 
posited film on said first substrate for silicidation. 

30 26. A method according to claim 24 or 25, wherein said first metal deposited film is made of a metal that does not form 
a silicide with silicon of the silicon deposited film. 

27. A semiconductor substrate comprising an electroconductive material layer formed on a support, an insulating layer 
formed on the electroconductive material layer and a semiconductor layer formed on the insulating layer, said 
35 electroconductive material layer being made of a metal or a metal compound; 

wherein a metal or metal compound layer consisting essentially of a material different from that of said electro- 
conductive material layer is arranged between said electroconductive material layer and said insulating layer and/ 
or between said electroconductive material layer and said support. 

40 28. A semiconductor substrate according to claim 27, wherein said semicdnductor layer is a single crystal layer. 

29. A semiconductor substrate according to claim 27, wherein at least the surface of said support is made of a semi- 
conductor. 

45 30. A semiconductor substrate according to claim 27, wherein said insulating layer contains a silicon oxide film and 
silicon nitride or a silicon oxide film and aluminum nitride. 

31 . A semiconductor substrate according to claim 27, wherein said metal or metal compound layer is made of a silicide 
and the surface of said substrate is made of silicon. 

so 

32. A semiconductor substrate according to claim 27, wherein said metal or metal compound layer is made of a re- 
fractory metal, or a refractory metal compound. 

33. A semiconductor substrate according to claim 27, wherein said metal or metal compound layer is made of metal 
ss or a metal compound containing at least one of Ru, Ir, V, Ti, Cu, Be, Ag, Os, Mo and W. 

34. A semiconductor substrate according to claim 27, wherein at least part of said metal or metal compound layer 
formed on the side of said insulating film is thicker than the skin depth of the electromagnetic wave corresponding 



20 



BNSDOCID: <EP_08952B2A2_U> 



EP 0 895 282 A2 



to the highest frequency component required for a good signal transmission. 

35. A semiconductor substrate according to claim 27, wherein said metal or metal compound layer is used as power 
supply line or ground line leading to a device. 

36. A semiconductor substrate according to claim 1 or 27, wherein a doped semiconductor layer is disposed beneath 
said insulating layer. 

37. A semiconductor substrate according to claim 27, wherein another layer having a work function different from that 
of non-doped silicon is arranged between said insulating layer and said metal or metal compound layer. 

38. A semiconductor substrate according to claim 1 or 27, wherein said support is n-Si, n + -Si, p-Si or p + -Si. 

39. A semiconductor substrate according to claim 27, wherein said electroconductive material layer is made of a silicide 
and said metal or metal compound layer is made of refractory metal or refractory metal compound. 

40. A semiconductor substrate according to claim 27, wherein said metal or metal compound layer is made of a material 
that does not react with said electroconductive material layer at the temperature used for forming said electrocon- 
ductive material layer. 

41. A method of preparing a semiconductor substrate as defined in claim 27, comprising steps of: 

forming an insulating layer on a first support made of a single crystal semiconductor; 

forming a first reaction precursory layer made of a metal, a semiconductor or a metal compound on said 
insulating layer; 

preparing a second support having a second reaction precursory layer made of a metal, a semiconductor or 
a metal compound; and 

bringing said first reaction precursory layer and said second reaclion precursory layer into contact to react 
and bond them with each other, 

wherein said method further comprises a step of forming a reaction suppressive layer made of a material different 
from any of the materials of said first and second reaction precursory layers between said first reaction precursory 
layer and said insulating layer and/or between said second reaction precursory layer and said second support. 

42. A semiconductor substrate according to clam 27, wherein said metal or metal compound layer is made of at least 
one or more than one metal selected from Ru, Ir, Ag, Os, Tl, Cu ; Bi, Pb, Sn, Mo, In, Zn, or at least one or more 
than one metal compound selected from TaN, TaSiN ; TiN, TiSiN, WN and WSiN. 

43. A semiconductor substrate according to claim 27, wherein a metal layer is disposed on a back surface of said 
support. 

44. A semiconductor substrate according to claim 27 : wherein said semiconductor layer comprises an active region 
of a FET or a bipolar transistor, a part of said active region being connected with said electroconductive material 
layer or said metal or metal compound layer through a hole of said insulating layer. 
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